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humans, suggests that severe pulmonary acid aspiration syndrome will result if a patient aspirates 0.4 ml-kg-' of gastric fluid with pH less than 2.5.t These values are commonly quoted by investigators who describe prophylactic regimes which might reduce the incidence of this dreaded complication of anaesthesia. Clinical studies have demonstrated that overnight fasting does not ensure an empty stomach at the time of surgery. 2-,* Nevertheless, acid aspiration syndrome is rare in healthy, elective patients s and, although one third of patients may be "at risk," investigators have invariably used control groups in this category.
Ingestion of oral fluid between two and four hours before induction of anaesthesia has no significant effect on either mean residual gastric fluid volume (RGV) or pH at the time of sklrgery. 6-9 Prolonged fasting is therefore of no benefit to healthy elective patients, whereas oral ranitidine has been shown to reduce both volume and pH of gastric contents, even with preoperative fluid ingestion. 7-~0
Recently Manchikanti et at. have shown that narcotic premedication does not increase RGV, even though this group of drugs is known to delay gastric emptying_ ,1 All their patients had fasted for at least eight hours. To determine if this were also true following preoperative ingestion of fluids, we investigated the effect of nmeoticatropine premedieation on the volume and pH of gastric fluid at the time of surgery in patients given oral fluid with or without ranitidinc 2-3 tar preoperatively. Gastric emptying of the ingested fluid was assessed using phenol red as a marker dye.
Methods
The study protocol was approved by the University of Calgary Conjoint Ethics Committee. Informed consent was obtained from 122 inpatients, age 18-70 yr, ASA physical status I or II, who were scheduled for elective CAN J ANAESTH 1988 / 35:6 I pp 562-6 This was taken with a placebo tablet alone (Groups 1 and 2), placebo tablet with oral fluid 150 ml (Group 3), or ranitidine 150 mg PO with 150 ml oral fluid 150 ml (Group 4), Ingestion was observed by one of the investigators. Patients were allowed to choose water, fruit juice, coffee or tea. Patients in Groups 2, 3, and 4 received IM morphine 7.5-15 mg with atropine 0.4-0,6 mg approximately 1 hr before surgery. Six patients who were intolerant of morphine received meperidine 50-100 rag. Those in Group 1 received either oral diazepam 7.5-15 mg 90 min preoperatively, or no premedication. Following induction of anaesthesia, a #18 FG Salemsump tube was passed into the stomach and its position confirmed by auscultation for insufflated air. Gastric fluid was aspirated into a 60 ml syringe with the patient in the supine position and with the sampling tube in several locations within the stomach, The investigator taking the sample was unaware of the group to which the patient had been assigned. Residual gastric fluid volume,(RGV) was recorded, and its pH was measured using a calibrated Coming 150 pH meter. The phenol red concentration was measured in alkalinized solution usi.ng a Beckman DU-50 spectrophotometer at 560,520, and 600 nm.l'* The lower limit of detection was 5 IJ,g'm1-1. The concentration of dye was multiplied by the volume of aspirate; from this the percentage of ingested dye, and therefore fluid, which was in the stomach was calculated. This figure gave an estimate of the degree of gastric emptying.
Results from 117 patients were analyzed; those from five patients in whom the interval from ingestion ofdye to sampling exceeded four hours were excluded. Demographic data are given as means and standard deviation. Values for RGV and pH are given as means and ranges. Tests of significance among groups were per funned using one-way analysis of variance for parametric data, and the Mann-Whitney U test for non-parametric data. Differences were considered statistically significant when p < 0.05.
Results
The four groups were comparable with respect to age, weight, and duration of overnight fast from the last intake of fluid until ingestion of phenol red, tablet, and oral fluid (Table II) . The time from ingestion to narcotic-atropine premedication in Groups 2-4 was similar. Although the time of ingestion was 2-3 hr before the scheduled time of surgery, the actual ingestion-sampling interval ranged from 1.3 through 4.0 hr. Mean fast for patients who received only marker dye and tablet (Groups l and 2) was approximately 14 hr, compared with approximately 2_5 hr for those who drank 150 ml fluid (Groups 3 and 4).
Mean RGV was highest in patients in Group I who fasted and did not receive narcotic or atropine (Table Ill) . It was significantly lower in patients in Groups 2, 3, and 4 who received narcotic-atropine premedication (p < 0.001). Mean pH value in patients who received ranitidine (Group 4) was significantly higher than in the other three groups (Table IV) (p < 0.0(31). There was a wide range of values of both volume and pH in all four groups, btlt only ten per cent of patients who received ranitidine had a gastric fluid pH < 2.5. In patients who ingested fluid (Groups 3 and 4) neither volume nor pH of gastric fluid correlated with the type of ingested fluid. There was no significant difference in RGV or pH between patients with heartburn and those without, nor between smokers and nonsmokers. Table IV records the number of patients in each group whose gastric aspirate contained one, one to five, and five per cent of ingested phenol red. In 34 of the 60 samples in Groups 3 and 4 no dye was detected. More than 
Discussion
Several studies have demonstrated the futility of prolonged fasting in an attempt to ensure an emply stomach. Metoclopramide, by increasing the rate of gastric emptying, reduces the volume of gastric fluid, ts Oral antacids such a~ sodium citrate neutralize gastric acid but they do not reduce the volume. ' ' Furthermore, their effect is short lived and they do not inhibit secretion of pepsin which may play a major part in the severity of the acid aspiration syndrome. 17 The H2 receptor antagonist, ranitidine reduces secretion of gastric acid and pepsin,t7 and its effect lasts for several hours, t8 Experiments in animals suggest that pulmonary aspiration of even very small volumes of fluid with a pH value < 1.5 is more dangerous than aspiration of much larger volumes of fluid with a pH value > 3.0) 9 Previous studies from our centre 7-t~ were conducted on patients who received either oral diazepam or no prcmedieation. Those findings were not extrapolated to patients who receive narcotic-atropine premeditation because both these drugs delay gastric emptying. 2~ However, if there is an interval of one hour between Numbers in columns represent number of patients in each range.
ingestion of fluid and narcotic-atropine premeditation, gastric emptying should be nearly complete before those drugs produce their effects. This was confirmed by the finding that only four of 60 patients in Groups 3 and 4 had more than five per cent of ingested phenol red in the gastric aspirate. A small amount of phenol red is absorbed from the stomach, but approximately 90 per cent is retrieved from watertight Heidenhain gastric pouches in dogs, 2] thus making it a satisfactory marker dye for estimation of gastric emptying. In our study, RGV comprised mainly gastric secretions. In more than 50 per cent of the patients in Groups 3 and 4 no phenol red was detected, and therefore none of the ingested fluid remained in the stomach. Indirect evidence of rapid gastric emptying is provided by the effectiveness of oral ranitidine in raising gastric pH, because the drug must pass into the small bowel to be absorbed before it can exert its pharmacological effect. 22 Both morphine and atropine reduce gastric acid secretion in addition to slowing gastric emptying. 23 Thus lower mean RGV, but greater dye retrieval in some patients, was found in Group 3 than in comparable patients in a previous study who did not receive narcoticatropine premedication. 7"s The slightly greater retention of ingested fluid was apparently more than offset by diminished gastric secretion. The reduction in secretion would explain why mean RGV was lower in Group 2 than in Group 3. In each study we aspirated gastric contents through a multi-orifice Salem-sump tube, which gives a small but fairly consistent underestimate of the true RGV, and is as accurate as a dye dilution method. 2a
The differences in pH values were statistically significant between the ranitidine group only (Group 4) and the other three groups. Nevertheless, the number of patients "at risk" with RGV > 25 ml and pH < 2.5 was highest among those who followed the fasting guidelines of "NPO after midnight" and received oral diazepam, or no premedication.
The Canadian Anaesthetists' Society guidelines recommend a minimum of five hours for preoperative fasting,25 with the warning that complete emptying of the stomach cannot be guaranteed in the presence of pain, trauma, apprehension, narcotics, gastrointestinal disorders, pregnancy, or medications. We submit that complete emptying of the stomach can never be guaranteed. The elective patient who fasts for 12 hr is at no less risk from pulmonary acid aspiration syndrome than the one who drinks fluid until two hours before surgery. However, because RGV is so variable, it is difficult to predict either safety or high risk in the individual patient.
We conclude that gastric fluid volume and acidity at induction of anaesthesia are not significantly altered by the ingestion of 150 ml water, coffee, tea or fruit juice 2-3 hr preoperatively, nor by a narcotic-atropine premedication. We have nol investigated the effects of other fluids, e~pecially those which contain substantial quantities of fat such as milk. llealthy, elective patients should be permitted to take oral fluid until 2-3 hr before their scheduled time of surgery. Because of the very low incidence of the pulmonary acid aspiration syndrome in this category of patients, we recommend routine H2 receptor antagonist treatment only for patients who are pregnant, morbidly obese or who have other pathology which might place them in the high-risk category for regurgitation and aspiration of gastric contents. 
